INTRODUCTION
Theoretical modeling of acoustic scattering by marine organisms requires knowledge of morphology and certain physical properties. In the case of small organisms without gas inclusions, the significant properties include contrasts in density and longitudinal-wave sound speed, compressibility, or bulk modulus with the surrounding medium.
• Other elas- The present aim is simple. It is to describe the first measurement of sound speed in E. superba.
I. PRINCIPLE OF MEASUREMENT
The principle of measurement is that of time-of-flight of an acoustic pulse through a mixture of seawater and presumed uniform distribution of krill. For a nominal acoustic wavelength that is small compared to the projected length of krill along the sound path, the travel time t for the mixture is equated to the sum of the respective travel times due to water, to, and krill, t•, t=to+ tl.
In terms of the corresponding sound speeds,
where V is the volume fraction of krill.
Because the speed of sound in krill, c•, is only slightly greater than that in seawater, Co, it is difficult to make precise measurements directly from an oscilloscope. Adjusting a precision potentiometer to control the length of an independent square wave displayed through a second channel on the oscilloscope, operating in time-expanded mode, allows the travel time to be accurately gauged through a precision 
The problematical elements of the measurement are ensuring the uniformity of krill distribution in the sound path and accounting for variations in the ambient water temperature during the course of measurements in a laboratory with-out temperature control. These issues are addressed in the following sections.
II. MATERIALS AND EXPERIMENTAL METHODS
The physical apparatus for measuring sound speed where the measurement at temperature Ti is to be referred to that expected at temperature T. Solving the two equations,
Ro(T) = Ro( Ti )/[ 1 --aRo( Ti ) ( T• --T) ].
For n measurements of Ro, the average is
Ro ( T) =1 • Ro( T• ) n i=• 1--aRo(Ti)(Ti--T)
If the reference temperature is chosen to be that measured at the time of the applicable high-density krill measurement R (T), the relative sound speed in krill is given by Eq. (4), viz., A total of 51 measurement series were performed. This number includes series where the technique was being established and refined, and others where the subject animals were dead, moribund, or in such poor condition that the results could not be associated with healthy specimens. For the sake of consistency, only those measurement series were selected where the measurement was performed within 12 h of the subjects' removal from the sea and the subjects were in reasonably good condition, as evidenced by swimming activity and maintenance of pigmentation.
c•/Co= Ro(T)/Ri(T), (7) in this elaborated form. The quantity R• (T) is determined by solving Eq. (3) where Ro is replaced by Ro (T). The volume fraction Vin this equation was not determined from
The results of the applicable 17 measurement series are shown in Table I . Included are the number ofkrill specimens and associated length statistics, the time of measurement reckoned from the time of removal of animals from the sea, the measurement temperature and salinity, and volume fraction. The sound speeds were recomputed for the three cases with missing data on salinity. The respective results were identical at the extrema of the measured salinity range, namely 32.5 and 33.87 ppt, and bracketed value of 33.18 ppt shown in Table I .
The increased sound speed in krill relative to seawater is characterized by the mean 2.79% and s.d. 0.24%. That is,  the determined sound-speed contrast is 1.0279 q- In order to investigate the possible effect of aging on sound speed, as well as effects due to length, temperature of measurement, and density of krill in the T-tube as expressed through the volume fraction, multiple linear regression analysis was employed. In most cases the residual sum of squares exceeded the regression sum of squares. That is, in these cases there was no statistically significant effect to be found.
In the case of related data spanning a long time period being selected, an effect was found. However, as in the other cases, the intrinsic variability of the particular data is simply too great to support a finer-grained analysis. The potential accuracy of the method is probably limited by unavoidable variations in the uniformity of krill distribution in the sound path. The intrinsic measurement error due to uncertainties in measurement of the travel time and temperature is about 0.5% of the sound-speed difference.
Problems caused by a nonuniform distribution might be surmounted by sound-speed measurement in individual specimens by means of Gytre's fork-probe. •9
The accomplishment of this study is measurement of the sound speed in living E. superba. Future sound-speed measurements, to support collateral modeling work, should attempt to disclose the precise causes and magnitude of variation in sound speed with biological state and physical condition of the specimens. This could be quite significant 
